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Background: Wnt-signalling has an important role in renal cancer and it is modulated by genistein in other cancers. Recently, 
microRNAs (miRNAs) have emerged as new regulators of gene expression. Thus, we focused on miRNAs to examine the 
regulatory mechanism of genistein on the Wnt-signalling pathway in renal cell carcinoma (RCC). 

Methods: Initially, we investigated the effect of genistein on Wnt-signalling (TOPflash reporter assay (TCF reporter assays)) in renal 
cancer cells, and using microarray identified candidate miRNAs whose expression was decreased by genistein. We performed 
functional analyses and investigated the relationship between miRNA expression and renal cancer patient outcomes. We also did 
3'UTR luciferase assays to look at direct miRNA regulation of Wnt-signalling-related genes. 

Results: Genistein promoted apoptosis while inhibiting RCC cell proliferation and invasion. Genistein also decreased TCF 
reporter activity in RCC cells. We found that miR-1260b was highly expressed and significantly downregulated by genistein in RCC 
cells. The expression of miR-1260b was significantly higher in renal cancer tissues compared with normal, and significantly related 
to overall shorter survival. In addition, miR-1260b promoted renal cancer cell proliferation and invasion in RCC cells. The 3'UTR 
luciferase activity of target genes {sFRP1, Dkk2, Smad4) was significantly decreased and their protein expression significantly 
upregulated in miR-1260b inhibitor-transfected renal cancer cells. 

Conclusion: Our data suggest that genistein inhibited Wnt-signalling by regulating miR-1260b expression in renal cancer cells. 



Renal cell carcinoma (RCC) is the third leading cause of death 
among urological tumours and accounts for 2% of adult 
malignancies (Jemal et al, 2008). Metastatic lesions are found at 
diagnosis in about 30% of RCC patients (Bukowski, 1997), and 
patients with advanced cancer (stage IV) have a significantly 
reduced 5-year survival rate (<30%; Jemal et al, 2008). Compared 
with other cancers, there are very few tumour markers for renal 
cancer (Linehan et al, 2010). Also, renal cancer patients respond 
poorly to conventional chemotherapy because RCC is regarded as a 
multidrug-resistant cancer (Walsh et al, 2009). Thus, early 



detection and early treatment is very important for RCC patients 
as with other cancers. 

Several nutritional compounds have been used for the treatment 
and prevention of renal cancer. Of the nutritional compounds, 
genistein is one of the most popular isoflavones found in soy 
products. Previous reports have shown the anticancer effects of 
genistein, including antiproliferation, anti-invasion, promotion of 
apoptosis and modulation of cell cycle in a number of cancers 
including renal cancer (Sasamura et al, 2002; Banerjee et al, 2008; 
Gullett et al, 2010). 
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Several cancer pathways have been identified that are modulated 
by genistein (Sarkar and Li, 2002). Wnt-signalling has an 
important role in several cancers including renal cancer, and there 
have been some reports showing the relationship between genistein 
and the Wnt-signalling pathway (Zhang and Chen 2011; Wang 
et al, 2012). We initially performed functional analyses of genistein 
on renal cancer cell lines and observed that genistein inhibited cell 
proliferation, invasion and promoted apoptosis in renal cancer cell 
lines. In order to understand the effect of genistein on Wnt- 
signalling pathway in renal cancer cell lines, we performed TCF 
reporter assay with genistein treatment and found that genistein 
inhibited TCF reporter activity in three renal cancer cell lines. We 
also focused on microRNAs (miRNAs) and their role in the effect 
of genistein on the Wnt-signalling, as several miRNAs have been 
identified and reported to have an important role in this pathway 
(Hirata et al, 2012; Hassan et al, 2012). MicroRNAs have emerged 
as important regulators of gene expression as they bind to the 
3'UTR of target mRNA and repress translation from mRNA to 
protein or induce mRNA cleavage (Inui et al, 2010). Using a 
commercial microarray service, we identified several miRNAs that 
are modulated by genistein, and observed that miR- 1260b was 
highly expressed and significantly downregulated by genistein in 
two renal cancer cell lines. MiRNA- 1260b expression was also 
significantly higher in renal caner tissues compared with normal 
kidney tissues and miR- 1260b overexpression increased TCF 
reporter activity in renal cancer cell lines. Thus, we focused on 
miR- 1260b to examine the effect of genistein on Wnt-signalling 
pathways in renal cancer. 

We searched for target genes of miR- 1260b involved in the 
Wnt-signalling pathway with miRNA target prediction algorithms 
such as 'http://www.microRNA.org'. In addition, we performed 
functional analysis with these target genes. 



MATERIALS AND METHODS 



Clinical samples. A total of 43 patients (29 male and 14 female) 
with pathologically confirmed clear cell RCC (cc-RCC) were 
enrolled in this study (Toho University Hospital, Tokyo, Japan). 
The mean age of the patients was 62-years (range 37-77). They 
were classified according to the WHO criteria and staged according 
to the tumour node metastasis (TNM) classification. Namely, T 
refers to the size of the renal cancer and whether or not it has 
invaded nearby tissue, N refers to whether regional lymph nodes 
are involved, and M whether there is distant metastasis or not. 
Samples were obtained from the patients after written informed 
consent was obtained at Toho University hospital. 

Genistein and transfection. Genistein was purchased from 
(Sigma-Aldrich Corp., St Louis, MO, USA) and used at a 
concentration of 25 jam based on our laboratory's previous report 
(Zaman et al, 2012). Renal cancer cells were treated with DMSO or 
genistein (25 fiM) for 4 days and used in experiments. Cell culture 
media was replaced every day. 

Cell culture. Renal cancer cell lines (A-498; ATCC number: HTB- 
44, 786-0; ATCC number: CRL-1932, Caki-2; ATCC number: 
HTB-47) were purchased from the American Type Culture 
Collection (Manassas, VA, USA). The cell lines were cultured in 
RPMI 1640 medium supplemented with 10% foetal bovine serum. 

Total RNA and protein extraction. RNA (miRNA and total 
RNA) was extracted from formalin-fixed, paraffin -embedded 
(FFPE) human renal cancer, and adjacent non- cancerous normal 
kidney tissues using a miRNeasy FFPE kit (Qiagen, Valencia, CA, 
USA) after microdissection based on a pathologist's reviews. To 
digest DNA, the Qiagen RNase-Free DNase kit was used. Total 
RNA was also extracted from renal cancer cell lines using a 



miRNeasy mini kit (Qiagen). Cells were lysed with RIP A buffer 
(Pierce, Brebieres, France) containing protease inhibitors (Sigma, 
St. Louis, MO, USA). Protein quantification was done using a BCA 
protein assay kit (Thermo Fisher Scientific, Rockford, IL, USA). 

MicroRNA transfection. Pre-miR miRNA precursors (negative 
control (miR-NC) or hsa-miR-1260b (miR-1260b), Ambion, Foster 
City, CA, USA) were transiently transfected into renal cancer cells 
by Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA), according 
to the manufacturer's instructions. 

Anti-miR miRNA inhibitor (negative control (inh-NC) or miR- 
1260b inhibitor (miR- 1260b inhibitor), Ambion) was transiently 
transfected into renal cancer cells by siPORT NeoFX Transfection 
Agent (Ambion), according to the manufacturer's instructions. 
After transfection, cells were incubated at 37 °C for 48 h until used. 

TOPflash luciferase assay. TOPflash luciferase assays (TCF/LEF 
reporter assays) were performed to assess the effect of genistein 
effect on the Wnt-signalling pathway. After DMSO (4 days) or 
genistein (25 ^M-4days) treatment, cells were trypsinised and 
resuspended in 48 -well plates overnight. Cells were then transiently 
co-transfected with TOPflash (Upstate, Lake Placid, NY, USA) and 
pRL-TK Vector (Promega, Madison, WI, USA), encoding renilla 
luciferase as an internal control for transfection efficiency using 
lipofectamine LTX (Invitrogen). 

To look at the effect of miR- 1260b on the /?-catenin-dependent 
pathway, we overexpressed miR- 1260b with miR- 1260b precursor 
(48 h transfection) or knocked down miR- 1260b with miR- 1260b 
inhibitor (48 h transfection). Cells were trypsinised and resus- 
pended in 48 -well plates overnight, and then were transiently 
co-transfected with TOPflash (Upstate) and pRL-TK Vector 
(Promega). 

Cell viability and cell invasion. Cell viability was measured 3 days 
after transfection with MTS (CellTiter 96 Aqueous One Solution 
Cell Proliferation Assay, Promega). Data are the mean ± s.d. of four 
independent experiments. Cell invasion assays were performed 
with the CytoSelect 24-well cell invasion assay kit (Cell BioLab, San 
Diego, CA, USA), according to the manufacturer's instructions. 
Transfected cells were resuspended in culture medium without FBS 
and placed in the upper chamber in triplicate. After 48 h 
incubation at 37 °C (5% C0 2 ), cells migrating through the 
membrane were stained. The results were expressed as invaded 
cells quantified at OD 560 nm. 

Apoptosis analyses. Cells (4 days after DMSO or genistein 
transfection, or 48 h after transfection with miRNA precursor or 
plasmid) were washed twice with 1 x PBS and trypsinised. After 
inactivating trypsin in complete medium, the cells were resus- 
pended in ice-cold 1 x binding buffer (70 fA). Annexin V-FITC 
solution (10 jul) and 7-AAD viability dye (20 fA) (Beckman Coulter, 
Brea, CA, USA) were added to 70 fA of the cell suspensions. After 
incubation for 15min in the dark, 400 fA of ice-cold 1 x binding 
buffer was added. The apoptotic distribution of the cells in each 
sample was then determined using a FACS (Cell Lab QUANTA 
SC, Beckman Coulter, Fullerton, CA, USA). Data are the 
mean ± s.d. of four independent experiments. 

Plasmid construction and 3'UTR-luciferase assay. Individual 
plasmids were constructed for each binding site in the 3'UTR of 
mRNA from potential target genes based on http://www.microR 
NA.org information. Then we confirmed miR- 1260b binding to 
the target genes mRNA 3'UTR by luciferase assay with miR- 1260b 
precursor. PmirGLO Dual-Luciferase miRNA Target Expression 
Vector was used to perform 3'UTR-luciferase assay (Promega). 
The primer sequences used for plasmid inserts are shown in 
Table 1. In a total volume of 20 fA, 5 fA each of 100 fiu forward 
primer and reverse primer, 2fA of 10 x annealing buffer (100 mM 
Tris-HCl, pH 7.5, 1m NaCl, 10 mM EDTA) and 8 fA water were 
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added to a 200-/J PCR tube and incubated at 95 °C for 5 min, and 
then placed at room temperature for 1 h. The oligonucleotides were 
ligated into the Pmel-Xbal site of pmirGLO Dual-Luciferase 
miRNA Target Expression Vector. Colony direct PCR was 
performed for insert recognition using REDTaq (Sigma). The 
primers used for PCR were as follows: forward primer, 5'-CG 
TGCTGGAACACGGTAAAA-3'; reverse primer, 5'-GCAGCCA 
ACTCAGCTTCCTT-3'. PCR parameters for cycling were as 
follows: 94 °C for 3 min, 30 cycles of PCR at 94 °C for 30 s, 55 °C 
for 30 s and 72 °C for 30 s, 72 °C for 10 min and 4°C for 10 min. 
The PCR product was digested with NotI (TaKaRa/Fisher 
Scientific, Pittsburgh, PA, USA). The sizes of vectors containing 
inserts were about 200 bp and 100 bp by electrophoresis, as the 
NotI recognition sequence was incorporated into the primers. For 
miR- 1260b precursor transfection, renal cancer cells were co- 



transfected with miR-NC and pmirGLO or miR- 1260b and 
pmirGLO Dual-Luciferase miRNA Target Expression Vectors, 
using Lipofectamine 2000 (Invitrogen). Luciferase activity was 
assessed using the Dual-Luciferase Reporter Assay System 
(Promega; 48 h after their transfection), and the ratio of firefly/ 
renilla luciferase activity was determined. 

Overexpression plasmid of target genes (sFRPl, Dkk2, Smad4) 
and functional analyses. Plasmids containing the human full- 
length cDNA fragment of Dkk2 (Genbank accession number 
NM_0 14421) were purchased from Origene (Rockville, MD, USA). 
This clone (pCMV6-Dkk2) expresses the complete Dkk2 open 
reading frame with a tag (MYC/DDK) at the COOH-terminus. 

In order to construct other target gene (sFRPl and Smad4)- 
overexpressing plasmids, the gene was amplified with total RNA 



Name 


Sequence 


Dkk2-1S 


5' -AAACTAG CG G CCG CTAGTtgtcca atatatGTG G GAaT-3' 


Dkk2-1AS 


S'-CTAGAtTCCCACatatattggacaACTAGCGGCCGCTAGTTT-S' 


SFRP1-1S 


5'-AAACTAGCGGCCGCTAGTcctcgGGTGGGGTGGGAgT-3' 


sFRPMAS 


5' -CTAG AcTCCCACCCCACCcg a g g ACTAG CG G CCG CTAGTTT-3' 


SFRP1-2S 


5'-AAACTAGCGGCCGCTAGTgctagGGCCAAGGTGGGAtT-3' 


SFRP1-2AS 


5'-CTAGAaTCCCACCTTGGCCctagcACTAGCGGCCGCTAGTTT-3' 


Smad4-1S 


S'-AAACTAGCGGCCGCTAGTccGGGAGTAGATCGTGGGAtT-S' 


Smad4-1AS 


5' -CTAG AaTCCCACG ATCTACTCCCg g ACTAG CG G CCG CTAGTTT-3' 


sFRPl Nhel cloning forward primer 


S'-GCTAGCgaggtccctggaagtttgc-S' 


sFRPl Xhol cloning reverse primer 


5' -CTCG AG cga ctg gattacaatgtccactac-3' 


Smad4 Nhel cloning forward primer 


S'-GCTAGCttgcttcagaaattggagacatatt-S' 


Srmad4 Xhol cloning reverse primer 


S'-CTCGAGattttgtagtccaccatcctgataa-S' 
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Figure 1. Genistein effect on renal cancer cell lines (786-0, A-498 and Caki-2). Three cell lines were treated with DMSO or genistein (25 /jm) for 
4 days. (A) Cell viability assay. (B) Invasion assay. (C) Apoptosis assay-FACS based. (D) TCF/LEF reporter assays. Error bars represent ±s.d. 
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from human adult normal kidney tissues (catalogue number: 
R1234142-50, Biochain Institute, Newark, CA, USA) by reverse 
transcription-PCR (RT-PCR). The sequences of primers for 
cloning are shown in Table 1. 

PCR products were cloned into the pTargeT-Mammalian 
Expression Vector System (Promega). Then, pCMV6-sFRPl or 
-Smad4 was obtained by subcloning a Nhel-Xhol fragment from 
pTargeT-sFRPl or -Smad4 into the Nhel-Xhol site of pCMV6- 
Entry Vector. Initially, we transfected pCMV6-empty and pCMV6- 
Dkk2 or -sFRPl, or -Smad4 into renal cancer cells, and RNA and 
protein were extracted. Overexpression of Dkk2, sFRPl or Smad4 
was validated by real-time PCR and western analysis, and then 
functional analyses were performed. 

Quantitative real-time RT-PCR. Quantitative real-time RT-PCR 
was performed in triplicate with an Applied Biosystems Prism 7500 
Fast Sequence Detection System, using TaqMan universal PCR 
master mix, according to the manufacture's protocol (Applied 
Biosystems Inc., Foster City, CA, USA). The TaqMan probes and 
primers were purchased from Applied Biosystems. Human 
GAPDH and RNU48 were used as an endogenous control. Levels 
of RNA expression were determined using the 7500 Fast System 
SDS software version 1.3.1 (Applied Biosystems). 

Western analysis. Total cell protein (15-20 fig) was used for 
western blotting. Samples were resolved in 4-20% Precise Protein 
Gels (Thermo Scientific, Rockford, IL, USA) and transferred to 
PVDF membranes (Amersham Biosciences, Fairfield, CT, USA). 
The membranes were immersed in 0.3% skim milk in TBS 
containing 0.1% Tween 20 for lh, and probed overnight at 4°C 
with primary polyclonal and monoclonal antibody against 
sFRPl (number 3534), Smad4 (number 9515) and ^-tubulin 



(number 2128) from Cell Signaling Technology, Beverly, MA, 
USA. Dkk2 antibody was purchased from ABGENT (number 
API 522a, San Diego, CA, USA). Blots were washed in TBS 
containing 0.1% Tween 20 and labelled with horseradish 
peroxidase-conjugated secondary anti-mouse or anti-rabbit anti- 
body (Cell Signaling Technology). Proteins were enhanced by 
chemiluminescence (Amersham ECL plus Western Blotting 
detection system) for visualisation. The protein expression levels 
were expressed relative to /^-tubulin levels. 

Statistical analysis. All statistical analyses were performed using 
Stat View (version 5; SAS Institute Inc., Cary, NC, USA). Error bars 
in all the figures represent s.d. Statistical significance was 
determined using the Students f-test or analysis of variance for 
functional analysis. A P- value of <0.05 was regarded as 
statistically significant. 



RESULTS 



Effect of genistein on renal cancer cells. Cancer cell proliferation 
(Figure 1A), invasion ability (Figure IB) was significantly 
decreased by 4 days of genistein treatment (25 ^m) in renal cancer 
cell lines (786-0, A-498, Caki-2). The percentage of apoptotic cells 
was significantly higher in genistein-treated renal cancer cells 
(Figure 1C). TOPflash reporter assay activity was significantly 
decreased with genistein in the three renal cancer cell lines 
(Figure ID). 

Relationship between miR- 1260b expression level and clinical 
characteristics. The miR- 1260b expression levels were compared 
on the basis of real-time RT-PCR results. The miR- 1260b 
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Figure 2. miR-1260b expression and association with clinical parameters in renal cancer tissues. (A) miR-1260b expression in human clinical 
samples and renal cancer cell lines (786-0, A-498 and Caki-2). (B) Association of miR-1260b with clinic-pathological parameters. (C) Kaplan-Meier 
plots of overall survival. 
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expression level was significantly higher in renal cancer tissues 
(n = 43, all cc-RCC patients) compared with normal kidney tissues 
(Figure 2A). MiR- 1260b expression was compared with several 
clinical parameters, including grade, pathological tumor classifica- 
tion, pathological lymph node status, pathological metastasis 
status, stage and outcomes (overall survival). The expression of 
miR- 1260b was significantly higher in stage 2 + 3 + 4 patients 
compared with stage 1 patients (Figure 2B). Overall survival based 
on miR- 1260b expression was also compared in renal cancer 
tissues. Namely, we divided RCC patients with mean 2 ~ Act value 
(0.2823) of miR- 1260b into two groups. Overall survival was 
significantly shorter in the high miR-1260b-expressing group 
(Figure 2C). 

Effect of miRNA- 1260b on renal cancer cell viability, invasion 
and apoptosis. At 24 h after transfection of miR-NC or miR- 
1260b into renal cancer cells (786-0 and A-498), increased miR- 
1260b expression level was verified by real-time RT-PCR (fold 
change; 5859 and 6240, respectively). Then, cell viability analysis 
(MTS assay) and cell invasion assays were performed using 
miRNA- 1260b precursor or control transfectants of renal cancer 
cells (Figures 3A-C). We observed significantly increased cell 
viability (Figure 3 A) and invasion (Figure 3B) in miR- 1260b- 
transfected renal cancer cells compared with miR-NC-transfected 
cells. The percentages of apoptotic cells was significantly decreased 
in miR- 1 260b- transfected cells (Figure 3C). 

Genistein, miR- 1260b and TCF LEF reporter assay. The 

expression of miR- 1260b was significantly decreased by genistein 
treatment in three renal cancer cell lines (786-0, A-498 and Caki- 
2; Figure 4A). TOPflash reporter assay activity was significantly 



increased by overexpression of miR- 1260b (Figure 4B). However, 
the TCF reporter activity was significantly decreased by knock- 
down of miR- 1260b (Figure 4C). 

3'UTR luciferase assay and lower protein expression in miR- 
1260b transfectant. We identified two Wnt antagonist genes 
(Dkk2 and sFRPl) and one Wnt-related gene (Smad4) as potential 
target genes for miR- 1260b, based on http://www.microRNA.org. 

Dkk2 mRNA has one potential binding site for miR- 1260b 
within its 3'UTR (Figure 5A). 

The relative luciferase activity was significantly decreased at 
position 888 in miR- 1260b precursor-transfected cells (Figure 5B). 
The sFRPl mRNA has two potential binding sites (position 29 and 
position 2500) for miR-1260b within its 3'UTR (Figure 5A). The 
relative luciferase activity is shown as a ratio of firefly and renilla 
luciferase activity for each sample. The relative luciferase activity 
was significantly decreased when the position 2500 construct was 
used in miR- 1260b precursor-transfected cells (Figure 5B). Smad4 
mRNA has one potential binding site for miR- 1260b within its 
3'UTR, and the relative luciferase activity was significantly 
decreased at position 2904 in miR- 1260b precursor-transfected 
cells (Figure 5B). As target gene protein expression is low in 786-0 
and A-498, we performed western analysis to observe any changes 
in protein expression with miR- 1260b inhibitor. As shown in 
Figure 5C, protein expression of target genes was significantly 
increased after miR- 1260b inhibitor transfection (Figure 5C). This 
result suggests that the Dkk2, sFRPl and Smad4 mRNAs are direct 
targets of miR- 1260b. 

Effect of sFRPl, Dkk2 and Smad4 on renal cancer cell 
(A-498). To assess whether miR- 1260b exerts its function through 
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Figure 3. Effect of miR-1260b overexpression on renal cancer cell function (786-0 and A-498). Two renal cancer cell lines (786-0 and A-498) were 
transiently transfected with either miR-1260b precursor or control (miR-NC). (A) Cell viability assay. (B) Invasion assay. (C) Flow cytometric analysis 
of apoptosis in miR-NC or miR-1 260b-transfected renal cancer cells. 
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sFRPl, Dkk2 and Smad4, we overexpressed these mRNAs. The 
overexpression effect was confirmed by measuring mRNA (Figure 6A) 
and protein levels (Figure 6B). As shown in Figures 6A and B, the 
relative sFRPl, Dkk2 and Smad4 mRNA and protein expression levels 
were significantly increased. Then we examined MTS, cell invasion 
and apoptosis assays in empty/sFRPl/Dkk2/Smad4-transfected A-498 
cells. As shown in Figure 6, cell viability (Figure 6C) and invasion 
(Figure 6D) were significantly inhibited in sFRPl/Dkk2/Smad4- 
transfected A-498 cells. Also, percentages of apoptotic cells were 
significantly increased in sFRPl/Dkk2/Smad4-transfected A-498 cells 
compared with empty vector cells (Figure 6E). 



DISCUSSION 



Renal cancer is regarded as a chemotherapy- resistant and 
radiation- resistant cancer. Currently, multikinase inhibitors, 
mTOR inhibitors and a vascular endothelial growth factor 
(VEGF) -neutralising antibody have been approved for the 



treatment of advanced RCC (Pirrotta et al y 2011); however, more 
effective and less toxic treatments are needed for RCC patients. In 
this study, we focused on genistein because genistein has been used 
for cancer prevention and treatment in many cancers, and several 
studies have documented the effectiveness of genistein (Sarkar and 
Li, 2002). To understand the mechanism of genistein, some 
researchers have found that several cancer pathways such as Akt 
and NF-kappaB are repressed by genistein (Sarkar and Li, 2002). 
According to previous reports, renal cancer cell proliferation was 
decreased by genistein by inhibiting angiogenic factors such as 
VEGF and basic fibroblast growth factor in renal cancer cell lines 
(Sasamura et al, 2002). Our laboratory has reported that genistein 
decreased cell proliferation in A-498 and ACHN cells (Majid et al, 
2009). In this study, we found that genistein inhibited cancer cell 
proliferation and invasion, and promoted apoptosis in three renal 
cancer cell lines. We also examined the relationship between 
genistein and the Wnt-signalling pathway in renal cancer cell 
lines as we have found that Wnt-signalling has an important role in 
renal cancer progression, invasion and metastasis. Wnt-signal- 
ling pathways include the /?-catenin-dependent (canonical) 
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and -independent pathways (non-canonical; (Katoh and Katoh 
2007). The Wnt pathway is usually activated in cancer cells causing 
unphosphorylated /?-catenin to accumulate in the cytoplasm, move 
to the nucleus and bind to TCF/LEF, thereby transcriptionally 
regulating Wnt target genes and promoting tumourigenesis 
(Ahmad et al, 2011). Thus, TCF reporter assays (TCF/LEF reporter 
assays) have been used to monitor the Wnt /?-catenin- dependent 
pathway. We performed TCF/LEF reporter assays and found that 
TOPflash activity was significantly decreased in genistein-treated 
cells compared with controls. Although the effects of genistein on 
the /?-catenin- dependent pathway have been shown in other 
cancers (Lee et al, 2012; Zhang and Chen 2011), our results appear 
to be the first for RCC cells. 

Another aim of this study was to determine the effect of 
genistein on Wnt-signalling pathway in RCC. To investigate this, 
we focused on miRNA. The miRNA has emerged as a new 
regulator of gene expression in cancer pathways (Iorio and Croce, 
2012). As numerous miRNAs have been identified, we used 
miRNA microarray to identify candidate miRNAs whose expres- 
sion was altered by genistein in renal cancer cell lines. In the 
miRNA microarray platform used in this study, miR- 1260b 
expression was the highest in two cancer cell lines (A-498 and 
Caki-2), and miR- 1260b expression was significantly decreased by 
genistein. In addition, there are very few studies on concerning 
miR- 1260b in the literature, so we focused on it in this study. As 
shown in Figure 2, miR- 1260b expression was significantly higher 
in renal cancer compared with normal tissues, and its expression 
was significantly correlated with a shorter overall survival after 
radical nephrectomy in RCC patients based on Kaplan -Meier plots. 
Functional analysis also showed that miR- 1260b overexpression 
increased renal cancer cell proliferation and invasion while 
apoptosis was inhibited. Therefore, this study indicates that miR- 
1260b functions as an oncogene in RCC. As onco-miR- 1260b 
expression was significantly decreased by genistein, TOPflash 



activity was also altered by miR- 1260b. Namely, when miR- 1260b 
was overexpressed, TOPflash activity was increased, whereas in 
contrast TOPflash activity was decreased when miR- 1260b was 
knocked down. These results show that miR- 1260b regulates the 
^-catenin-dependent pathway in RCC cell lines. 

As miRNAs exert their effects by regulating expression of target 
genes, we looked for target genes of miRNA that are involved in 
the Wnt-signalling pathway. On the basis of the http://www.mi- 
croRNA.org computer algorithm, we identified three potential 
target genes of miRNA- 1260b, two of which are Wnt antagonist 
genes (sFRPl and Dkk2). The third, Smad4, has also been reported 
to inhibit the Wnt /?-catenin signalling pathway (Freeman et al, 
2012). 3'UTR luciferase assay and western analysis conclusively 
showed that miR- 1260b binds to these three target genes and 
regulate their expression. Thus, our results indicate that sFRPl, 
Dkk2 and Smad4 are direct targets of miR- 1260b. We investigated 
the function of these target genes by overexpressing them in a renal 
cancer cell line (A-498). As shown in Figure 6, sFRPl, Dkk2 and 
Smad4 decreased cancer cell proliferation and invasion, and the 
percentage of apoptotic cells was significantly increased by sFRPl, 
Dkk2 and Smad4 overexpression in A-498 cells. 

Previous reports have shown that overexpression of sFRPl 
and Dkk2 have an antitumor effect on renal cancer cells 
(Hirata et al, 2009; Cooper et al, 2012) and our results are similar 
to them. Loss of Smad4 has been reported to have an important 
role in initiating some cancers (Yang and Yang 2010), and our 
results indicate that Smad4 may have an important role in renal 
cancer. 

Genes may be silenced or inactivated by loss of heterozygosity 
(LOH), gene mutation, DNA methylation, histone modification 
and miRNA post-transcriptionally. Dkk2 and sFRPl genes have 
been reported to be silenced in renal cancer tissues by DNA 
methylation (Urakami et al 2006; Hirata et al 2009), and Smad4 
gene silencing was reported to be associated with LOH in RCC 
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Figure 6. Effect of sFRP1, Dkk2 and Smad4 overexpression on renal cancer cell (A-498) function. At 24 h after transfection of either pCMV6- 
empty, pCMV6-sFRP1 , pCMV6-Dkk2 or pCMV6-Smad4 into renal cancer cell (A-498), sFRP1 , Dkk2 and Smad4 expression levels were verified by 
real-time RT-PCR (A) and western analysis (B). (C) Cell viability assay. (D) Invasion assay. (E) Apoptosis assay. Error bars represent ±s.d. 



(Hirata et al, 2005). Thus, the result of this study suggests that 
sFRPl, Dkk2 and Smad4 genes may be silenced by miRNA- 1260b 
transcriptionally as well as DNA methylation and LOH. 

In conclusion, this is the first report documenting that genistein 
decreased TCF reporter activity in renal cancer cell lines. In 
addition, miR- 1260b expression was significantly higher in renal 
cancer tissues compared with normal kidney tissues, and its 
expression was significantly associated with shorter patient overall 
survival, suggesting that miR- 1260b functions as an oncogene. As 
we have shown, miR- 1260b expression was significantly decreased 
by genistein and TCF reporter activity paralleled that of miR- 1260b 
expression in renal cancer cell lines. Our results also show that 
miR- 1260b inhibits several tumour suppressor genes associated 
with Wnt-signalling, such as sFRPl, Dkk2 and Smad4. Our results 
indicate that genistein may be of therapeutic benefit to renal cancer 
patients. 
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